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INTROJlJC'l'ION 
The fungal cellulases exert a tremendous influence in the microbio-
logical decomposition of cellulose (1~). This decomposition, one of the 
most important in nature, has not had the study that it deserves (18). 
Work on the mechanism of action of the cellulases has been very limited. 
Pringsheim in 1912 worked on the snail enzyme cellulase and believed it 
to be made up of two components (12). Military considerations of the 
problem of cellulose decomposition in World War II led to a renewed 
interest in the subject of the cellulase enzymes. The fungal destruction 
of millions of dollars of equipment and clothing in the tropics spurred 
a concentrated effort to learn all about the cause and prevention of the 
destruction. In peacetime, many articles of cellulose are destroyed by 
the fungi (18). Fundamental research in the field entails studies of the 
action of different organisms on different cellulosic substrates and of 
the mechanism of action of individually isolated cellulases in effecting 
the decomposition of the cellulose. 
A theory of cellulase action proposed by Reese and co-workers in-
volves a "c1 " component of the enzyme that breaks down the long chain 
cellulose to somewhat shorter chains. Then the Cx component (or compon-
ents) of the enzyme reduces the shorter chains to the disaccharide, 
cellobiose (13) and also, to a limited extent, to the monosaccharide, 
glucose (13). Work by Reese with paper and column chrana.tography 
indicated at least four different components in the enzyme cellulase 
(~,15). The components had different Rr values as well as different 
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activities on the smne substratum (15). By means of zone electrophoresis 
with starch, Miller and Blum showed eight different components in the 
crude enzyme cellulase fran Myrothecium verrucaria. They used a starch 
block 50 em. in length to get the necessary resolution showing the com-
ponents (10). Jermyn, in Australia, showed by paper electrophoresis that 
the enzyme was made up of different components (5). 
A one component theory is advocated, however, by Whitaker of Canada. 
His enzyme cellulase was made from the fungus Myrothecium verrucaria. 
Evidence of his unienzymatic theory was based on the ultracentrifuge and 
electrophoretic work (24). 
The primary aim of the present work with column chromatography was 
to examine the usefulness of the method for purification of crude cellu-
lase. PUrification in this instance involved both the separation of 
active cellulase from inactive impurities and the separation of individual 
enzyme components fran one another. The column chromatography might be 
used to supplement zone electrophoresis of the enzyme; i.e., components 
separated by column chromatography could be further purified by zone 
electrophoresis. Conversely, components separated by zone electrophoresis 
might be further purified by means of column chromatography. 
The previous work of Reese on column chromatography of cellulase was 
mainly qualitative in nature. It was desired in the present work to 
secure as much quantitative data as possible. Results should consist of 
recovery data and effect of concentration of enzyme, as well as the effect 
of different eluants. 
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A secondary aim in the present work was to find further evidence in 
the matter of multiple component or uni-component enzyme. 
The plan consisted of using cellulose and caJ.cium phosphate as ad-
sorbents in the columns. Both had previously been used by Reese and 
their possible usefulness was indicated by the results of his work. 
While Reese had used a form of calcium phosphate according to Tiselius 
and SWingle (21} in his columns, the calcium phosphate used in the 
present work was prepared according to more recent directions of Tiselius 
( 22) . The latter caJ.cium phosphate is much easier to prepare. Much was 
done in the matter of using different eluants, and eluants were used at 
different concentrations. Effects of presence or absence of saJ.t were 
also studied. The present study applies only to the cellulase of the 
Myrothecium verrucaria fungus . 
As will be shown, the cellulose columns did separate enzyme activity 
fran contaminants, but no way was found for eluting the activity fran the 
column. The calcium phosphate column, on the other hand, appeared to 
accomplish the purpose of separating active enzyme from the major portion 
of the inactive contaminants as well as that of separating individual. 
enzyme components from one another. 
MATERIAL AND METHODS 
Enzyme Preparation. The enzyme cellulase used in this work has been 
prepared by other investigators in this laboratory as follows: Cellulase 
solutions were made in 25 liter lots by growing Myrothecium verrucaria 
Q.M. 46o on 0.4 per cent suspension of filter paper in 12-gallon containers 
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at roam temperature for two weeks (17). The medium used for food was 
that of Reese, Siu and Levenson (13). Aeration was done at the rate of 
25 liters per minute. The solution was filtered through cheesecloth and 
clarified in a Sharples Super-centrifUge. The enzyme-containing solution 
was concentrated at 5oc in a pressure ultrafilter (2). It was then 
dialysed in collodion bags against distilled water to rid it of salts. 
The solution was finally lyophilized to give the crude enzyme in the 
present experiments. The solutions of the cellulase were readily made up 
in water solution. A thirty gram preparation of the enzyme cellulose 
would contain 15 grams of protein and 15 grams of carbohydrate. The 
activity measured about 24 units per mg. of the total solid. The carbo-
hydrate was found by chromatographic test to be mannose and galactose, 
but not glucose (15). Miller and Blum presented evidence in their work 
on zone electrophoresis of cellulose which would indicate that activity 
is independent of the carbohydrate present (10). 
Column Preparation. The cellulose used in the adsorption studies 
and in the columns was Whatman cellulose powder for Chromatography. 
Celite 545 by Johns Mansville was used in many of the columns to aid in 
the speed of elution. It saved much time in the performing of the long 
column experiments. 
The cellulose column experiments were run in 25 or 50 cc. burettes 
cut down to convenient lengths. Small plugs of glass wool were placed 
in the bottoms of the burettes to retain the adsorbent. These columns 
were satisfactory in operation. For the work with the calcium phosphate, 
a column made by joining a glass tube to the sintered glass medium filter 
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function very well. A IUbber tube with a screw clamp was attached at 
the bottom end of the column. Pressure was provided from an air line 
with a Hoke gauge and valve to control the pressure. 
The calcium phosphate was prepared as follows: Calcium chloride, 
500 cc. of 0. 5 M, was placed in a beaker at room temperature, and slowly 
with stirring an excess of disodium phosphate, 750 cc. of 0.5 M, was 
added. The mixture was allowed to stand for two weeks. Then the preci-
pitate of calcium phosphate was washed thoroughly with 0.2 M disodium 
phosphate. The concentration of calcium phosphate in a homogeneous 
suspension, determined by dry weight, was 0.04 gm/ml. X-ray investigation 
of this calcium phosphate showed the material to have the stiUcture of 
hydroxylapatite (ca5(P04)3oH) (23). The calcium phosphate prepared in 
this way proved easy to handle in packing the columns, as well as 
remaining firm while in the columns. The supernatant liquid at the top 
of the column could be poured off without disturbing the top layer of 
calcium phosphate. 
The solutions used in the elution of the cellulose columns were a 
variety of buffers prepared according to the method of Miller and Golder 
( 9) • The phosphate eluting fluids in the calcium phosphate columns were 
made in 2!f, Nacl at a pH of about 7. 3, according to Gilligm{ and Reese ( 4) . 
Chromatographic Method. Preliminary absorption test tube experi-
ments were indicated before using cellulose in the column chromatography. 
These were the usual batch adsorption tests. The method of studying 
adsorption was followed according to methods suggested in Cassidy's book 
on Chromatography (3). The method of varying the amount of adsorbing 
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material with a constant concentration of enzyme solution was used. 
Amounts of cellulose ranging fran 0, 50, 100, 200, 300 mg. of cellulose 
was placed in five different centrifuge tubes. The cellulose used was 
Whatman Chranatographic cellulose powder. Fixed amounts of enzyme 
solution and buffer solution were added to each of the five tubes. The 
tubes were tumbled for 30 minutes. The tubes were centrifuged and super-
natants analyzed for ex activity, protein and carbohydrate. 
The methods of column chranatography followed the general directions 
as given by Cassidy in his book on Chranatography (3). For cellulose 
columns, fixed weights of cellulose and Celite 545 were mixed with water 
to form a slurry. The Celi te 545 was used to hasten the rate of flow in 
all cases. Small portions were added to the column under gentle vacuum. 
The small columns contained three grams of cellulose powder. The long 
columns held ll grams of cellulose powder. Also slight pressure could 
be used to clear the column of the water o:f the suspension. The pressure 
would also pack the columns . In all the experiments, the columns received 
a pretreatment which consisted of a washing with distilled water or a 
neutral salt. Then the enzyme solution wouldbe placed in the column. 
Pressure was placed on the column to force the solution into the column. 
Then different eluting fluids were added to the column. The eluants used 
in the cellulose work were 0.0001 M NaCl, 0.2 M sodium acetate adjusted 
to pH 5.0, and 0.01 M borate buffer adjusted to pH 9.0. Aliquots of the 
eluates were taken and analyzed for Cx activity, protein and carbohydrate. 
The data acquired fran the test tube adsorption runs were used in 
determining the eluants used in the cellulose column work. The cellulose 
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column work. The cellulose chranatograpby was perfonned in the cold room 
For preparing the calcium phosphate columns, 53 ml. of calcium phos-
phate suspension containing 0.04 gm. of solids per ml. were added to 20 
grams of Celi te 545 in a slurry of 120 ml. Hi>. The slurry was poured 
into the column and packed with pressure of 5 lbs/sq.in. This amount of 
material provided a column 21 em. high and 23 IIDll. in diameter. All the 
columns were pretreated by washing with 1000 ml. H2o and 1000 ml. of 2$ 
sodium chloride. All elutions were done at room temperature. Different 
amounts of enzyme solutions were placed on top of the column. In one set 
of experiments, the eluants were 2$ NaCl and 0.002 M phosphate pH 7.3 in 
'2$ NaCl. In a second set of experiments the eluants were water, 2$ NaCl, 
and phosphate ranging from 0.002 M phosphate in 2$ NaCl up to 0.5 M 
phosphate in 2$ NaCl. The various eluates were analyzed for Cx activity, 
protein and carbohydrate. 
The eluates obtained were analyzed for Cx activity, protein and 
carbohydrate by the following methods: 
Protein Determination: 
Protein determinations were carried out by either of two methods. 
The first method was based on the use of a copper reagent and the Folin 
phenol reagent, as described by Lowry et al (8). 
Reagents: 
Procedure: 
(1) 50 Ml. of '2$ Na2Co3 in 0.1 NaDH (Reagent A)+ 1 ml. of 
0.5% CuS04.5~0 in 1% Sodium Tartrate (Reagent B) = 
Reagent C, which was made fresh each day. 
(2) Folin - Ciocolteau phenol reagent (Eimer and Amend) t 
equal volume of water = Reagent E. 
The standards were made up from a stock solution containing 
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0.84 mg. protein/ml. of bovine plasma albumin. The stock solution was 
diluted by adding 0.1 ml. IfeO to 2 ml. stock solution. These standards 
gave whole numbers by reason of this dilution. Then 0.1 ml., 0.2 ml., 
0.3 ml., 0.4 ml., snd 0.5 ml. of this solution were used for the standards, 
snd each tube was made up to 0. 5 ml . with ~0. 
The controls were made up by taking 0 .l ml. of cellulase sample 
solution and adding 5 ml. weter. Then 0. 5 ml. of that solution was used 
in the test. The control values were necessary in calculating recoveries, 
as well as being a check on the enzyme sample. 
The unknown samples were used as 0. 5 ml. samples. 
At 30 second intervals, 5 ml. of Reagent C were added to successive 
colorimeter tubes containing the test samples . The tubes were li..unetron 
colorimeter tubes of 14 111111. diameter. After each addition, the tubes 
were inverted twice. Then all the tubes were allowed to stand at roan 
temperature for 10 minutes. At 30 second intervals, Reagent E was added 
to successive tubes. After each addition, the tubes were·again inverted 
twice. All the tubes were finally allowed to stand for 30 minutes at 
roan temperature for color development. At 30 second intervals, the tubes 
were read in the IA.unetron colorimeter with filter No. 550. The standard 
curve for the Folin protein is in Appendix X, p. 51. 
The second method of protein determination was based on the absorption 
of ultraviolet radiation. Most proteins absorb ultraviolet radiation at 
28o m» wavelength. The absorption is caused by tyrosine, tryptophane, to 
a lesser degree phenylalanine. The size of the ultraviolet absorption 
depends on the amount of these amino acids in the protein. The optical 
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density of a protein solution at 28o m~ is an accurate measure of its 
concentration if the extinction cooeficient is known and no other sub-
stance that absorbs light at this waveleli.gth is present . A small sample 
of material was placed in a special silica cell and the optical density 
was read in the Beckman spectrophotometer at 28o mM . The results 
obtained by the different protein methods were essentially identical. The 
second method proved generally more convenient and rapid (11). 
Carbohydr!te Determination. 
The carbohydrate analyses were carried out by a method of Rimington 
(16) using orcinol as the color developer. 
Reagent: 
Procedure: 
10 ml. of 1.&;, orcinol in 30% ffil04(v/5) + 50 ml. of 60% 
lfi304 (v/v) 
The standards in the orcinol method were prepared by using 
- .:; 
0.05 ml., 0.10 ml., 0.20 ml., 0.4o ml. of 1.0 mg/ml. glucose stock solution 
with water to make 0.6 ml. The unknowns used in the tests were 0.1 ml. of 
unknown plus 0.5 ml. ¥· 5 ml. of the reagent were added to the Lumetron 
colorimeter tubes containing the unknowns, standards and controls. The 
tubes were mixed by inverting twice. The tubes were heated in a boiling 
water bath for 20 minutes. Then they were cooled in running tap water, 
wiped off, and read in the u.unetron colorimeter with filter No. 515. The 
standard curve for carbohydrate is in Appendix XI, p. 52. 
Activity Determination. 
The enzyme activities were determined in Cx units by modifications of 
the method of Reese et al (13). The term Cx refers to the enxyme system 
that hydrolyzes the 1, 4 p glucosidic linkages in cellulose. It is 
measured by the amount of reducing sugar found by enzymatic hydrolysis of 
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carboxymethyl cellulose. The Cx unit is defined arbitrarily as the 
amount of enzyme in 10 ml. of assay medium (.05~ Hercules CMC 50 Tin 
0.05 M citrate pH 5.4) required to give a reducing value as glucose of 
o.4o mg. per ml. in an hour at 50°C. 
Reagents: (1) 1~ Carboxymethyl cellulose in citrate buffer (N/10) 
(2) Dinitro-salicylic acid solution according to J. B. 
Sumner (20) 
Procedure: The standards used for the ex activity determinations were 
2 ml. stock enzyme solution containing 2. 3 ex units per ml. and 4. 6 m1 . 
water. Then 0.00 ml., 0.1 ml., 0.2 ml., 0.3 ml., 0.4 ml., and 0.5 ml. of 
the diluted solutions were taken and made up to 0. 5 m1 . with water. 
The controls were prepared by diluting 0.1 ml. of cellulase solution 
with 5 ml. ~0. Then a dilution of that solution was prepared by 1 ml. 
and adding 20 ml. ~0. For the tests, 0.5 ml. of the last diluted solution 
was used. The controls run on the enzyme solution were necessary to cam-
pute the recoveries as well as to see how the activity of the enzyme solu-
tion maintained itself. The unknowns were 0.5 ml. or in same instances 
they were diluted by adding water. Large ( 22 mm. diameter) Lumetron tubes 
were filled with unknowns, studards and controls. The tube rack was 
placed in ice bath. To each tube was added 0. 5 ml. of 1 ~ CMC. The entire 
rack was shaken very quickly. The tubes were incubated at 50°C for 30 
minutes. The tubes were cooled in an ice bath. Then 3 ml. of Dinitro-sali-
cylic e.cid solution was added to each tube and shaken. The tubes were 
heated in boiling water bath for 15 minutes. The tubes were cooled in 
cold running tap water and wiped off. Then 20 ml. of water were added 
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to the tubes and each tube was inverted twice. AJ.l the tubes were read 
in the Lumetron colorimeter with No. 550 filter. The standard curve for 
this activity is in Appendix XII, p. 53. 
Activity measurements were also made by a modified procedure devised 
by Robert Blum {1). The purpose of this modification was to avoid the 
dilutions of unknowns and to eliminate the addition of water. Two ml. of 
1';(; CMC were added to 14 11lll. Lumetron colorimeter tubes. Then 0.4 ml. 
aliquots of unknowns were added to the tubes in the cold room at 50°C. A 
stream of air was used for mixing the CMC with the unknowns . Then the 
tubes were placed in a water bath at 50°C for 30 minutes. The tubes were 
next removed to the cold room to cool. Then 3 ml. of Dinitro-salicylic 
acid were added to the tubes and the contents of the tubes were mixed and 
heated in boiling water for 15 minutes. The tubes were finally cooled in 
running tap water, wiped dry, and read in the Lumetron colorimeter with 
filter No. 58o. The standard curve for this activity is in Appendices 
XIII and XIV, p. 54 and P• 55· 
TABlE I 
Folin Protein Standard Curve Data 
Standards were made up from 2 ml. of bovine plasma albumin (0.84 
mg/ml.) and 0.1 ml. Jl20. Six tubes were made from this dilution: 0.00 ml., 
0.2 ml., 0.3 ml., 0.4 ml., 0.5 ml. and Jl20 to make 1 ml. 
Tube No. ~ m5 x 1o2Lml. Tube No. L!: m!i! x 102Lml. 
1 93.0 0.00 4 31.0 24.00 
2 62.0 8.00 5 22.0 32.00 
3 42.0 16.00 6 17.0 4o.oo 
These data are plotted in Appendix X, P· 51. 
= .. 
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TABIE II 
earbo!lydrate Standard Curve Data 
The standards were made fran a solution of glucose (1 mg/ml.). Five 
tubes were made with the following concentrations: 0.00 ml., 0.05 ml., 
0.10 ml., 0.20 m1., o.4o m1., and H~ to make a total volume of 1 ml. 
Tube No. ~ mg x 102/ml. 
1 go.o o.oo 
2 68.0 5.00 
3 46.0 10.00 
4 28.0 20.00 
5 10.0 4o.oo 
These data are plotted in Appendix XI, p. 52. 
TABIE III 
ex Activity Standard Curve Data 
The standards were made fran 2 ml. of stock enzyme solution (2.3 ex 
units/ml.) and 4.6 ml. H~. Six tubes were made in the following 
dilutions: 0.00 ml., 0.10 ml., 0.20 ml., 0.30 ml., 0.50 ml. and all were 
made to a volume of 0.5 ml. with ~0. 
Tube No. ~ Units x 102/ml. Tube No. ~ Units x 102/ml. 
1 97.0 0.00 4 53.0 42.00 
2 81.0 14.00 5 47.0 56.00 
3 65.0 28.00 6 42.0 70.00 
These data are plotted in Appendix XII, P• 53. 
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Cx Activity Modified Standard Calibration Curve Data 
The standards were made fran 0.4 ml. of the following concentrations: 
6 units/ml., 4 units/ml., 2 units/ml., l. unit/ml., 0.6 units/ml., 0.4 
units/ml., 0.2 units/ml. Fil.ter No. 58o. 
Tube No. ~ Tube No. !..! 
6 units/ml. 2.0 0.6 unit/ml. 27.4 
4 units/ml. 3.0 0.4 unit/ml. 4o.o 
2 units/ml. 5.0 0.2 unit/ml. 70.0 
l. unit/ml. l.3.0 
These data are pl.otted in Appendix XIII, p. 54. 
TABlE v 
Cx Activity O.l. ml. Modified Standard Curve Calibration Data 
In this calibration, o.l. ml. of the following enzyme concentrations 
were used and read in Umletron colorimeter using No. 58o filter. 
Units/ml. !..! Units/ml. !..! 
.02 96.0 l..O 59.4 
.06 96.0 2.0 34.0 
.1 96.0 4.0 13.8 
.2 94.8 6.0 7.4 
.4 87.0 8.0 6.0 
.6 79.8 10.0 4.8 
.8 72.0 
These data are plotted in Appeadix XIV, P• 55· 
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RESULTS AND DISCUSSION 
Effect of amount of cellulose OR degree of adsorptioa with cellulose. 
This experiment was performed to find out the effect of the amouat 
of cellulose in the adsorption of the enzyme activity and protein. It was 
decided to use this batch process before using chromatographic columns. 
Amounts of cellulose powder ranging from 50 mg., 100 mg., 200 mg., ud 
300 mg. were placed in ceatrifUge tubes. Then to the four cellulose tubes 
and a control tube with no cellulose were added 2.5 ml. acetate buffer 
pH 5 and 2.5 ml. of cellulase enzyme solution which had .8 mg/ml. Each 
tube was inverted several times. All the tubes were tumbled 011 a machine 
for 30 minutes. The tubes were centrifUged at low speed in a clinical 
ce10trifUge. The supernatuts were ualyzed for Cx activity and protein. 
The data of these experimeats were given in Tables VI and VII, p. 15. 
These activity values show that the enzyme was not denatured appreciably 
during the experimut. The value of the activity before the rua was 9. 6 
UJOits/ml. The activity value at the end of' the rua was 9.5 units/ml. 
Effect of salt concentration on degree of adsorption on cellulose. 
This experiment of' the batch adsorption was perfonned to see if there 
were any effect of salt concentration on the adsorption of activity and 
protein on cellulose. This experiment was run with four centrifUge tubes 
filled with 4oo mg. of cellulose powder and a single tube with no cellu-
lose powder. Salt concentrations ranging fran 0.1 M to 0.00 M were added 
to the tubes. Then 2.5 ml. of' enzyme solution was added to each of' the 
tubes. All the tubes were then tumbled 15 minutes. The supernatant 
liquids were analyzed for Cx activity and protein. 
-14-
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TABlE VI 
Batchwise Adsorption with varying amounts of cellulose. 
Cx Activity ~ Units/ml. % Adsorption 
1. 0 mg. cellulose 33.0 0.51 o.o 
2. 50 mg. cellulose 38.2 0.44 13.7 
3. 100 mg. cellulose 39.0 0.42 17.6 
4. 200 mg. cellulose 43.0 0.37 27.5 
5· 300mg. cellulose 43.0 0.37 27·5 
Adsorption data are plotted in Appendix I, p. 42. 
TABlE VII 
Batchwise adsorption with varying amounts of cellulose. 
Protein ~ mg. X 102/ml. % Adsorption 
1. 0 mg. cellulose 36.0 20.0 0 
2. 50 mg. cellulose 4o.o 17.6 12.0 
3. lOOmg. cellulose 42.0 16.5 17.5 
4. 200 mg. cellulose 45.0 15.0 25.0 
5. 300 mg. cellulose 46.0 14.5 27.5 
Adsorption data are plotted in Appendix I, p. 42. 
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TABU: VIII 
Adsorption with cellulose with decreasing salt concentration. 
Cx Activity 
Salt Concentration ~ Units x 102/ml. % Adsor;ption 
0.1 M NaGl 36.0 4.10 15.0 
0.03 M NaGl 37.0 3-90 19.0 
0.02 M NaGl 37.8 3.82 24.0 
0.01 M NaGl 41.0 3-36 31.0 
0.00 M NaGl 51.0 2.30 56.0 
Control-No Cellulose 31.0 4.8o 
Data of decreasing salt concentration are plotted in Appendix II, p.43. 
TABlE IX 
Adsorption with cellulose with decreasing salt concentration. 
Folin Protein 
Tube No. ~ Cone .mgjml. X 102 % Adsorption 
1. .1 M 46.0 14.0 14.0 
2. .05 M 49.0 12.6 25.0 
3. .02 M 50.0 12.2 28.0 
4. .01 M 53.0 10.8 36.0 
5· 0.00 M 62.2 7-4 56.0 
Data of decreasing salt concentration are plotted in Appendix II, p.43. 
.. 
.. 
:: 
:~--.-
Short cellulose column 
The smaJ.l column was packed with three grams of Wbatman cellulose 
powder in a slurry of 60 ml. ~0. No Celi te 545 was used in this column. 
The column was packed with suction produced in a column of water 28 inches 
high. The column was prewashed with 28o ml. of 0.0001 M NaCl. The rate 
of flow for this column was 2.5 ml/min. The column was 17 em. high and 
9 lllll. in diameter. Then 0. 25 ml. of 4o mg/ml. of cellulose enzyme solution 
was placed on the column. The column was eluted with 0.0001 M NaCl and 
then ten 5 ml. aliquot a were taken. Then the column was eluted with 
0.1 N sodium acetate, acetic acid, pH 5 and ten 5 ml. aliquots were taken. 
Finally the column was eluted with 0.01 M borate pH 9.1 and ten 5 ml. 
aliquots were taken. The different eluates were analyzed for ex activity, 
protein and carbohydrate. 
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TABlE X 
Cx Activity of Short Cellulose Column 
.0001 M NaCl NaAc :$orate 
Tube No. fT Units x 102 Lml. Tube No. ~T Units x lo2 Lml. Tube No. ~T Units x lo2jmJ.,., 
l 88.5 2.1 ll 88.0 1.9 21 79.2 7.0 
2 50.0 157·5 12 89.8 1.0 22 80.1 6.3 
3 (.03 ml.) 32.0 1267.0 13 46.0 183.0 23 44.2 98.3 
' 
4 43.5 103.0 14 52.5 71.3 24 52.8 35·3 ij !I 
5 43.5 41.2 15 46.2 36.3 25 84.2 4.0 
ii 6 59.2 21.9 16 56.2 24.8 26 82.9 5.0 
7 75.0 9-9 17 72.0 11.9 27 83.8 4.5 
8 76.6 6.9 18 71.7 12.1 28 84.0 4.2 
9 84.3 4.0 19 74.5 10.2 29 84.3 3.9 
10 87.2 2.2 20 86.7 2-7 30 85.8 - 3.2 
1615-7 355-2 166.7 
Control 36.6 56.0 0.1 ml. enzyme solution and 5.0 ml. !:to. Then l ml. of diluted enzyme 
and 20 ml. ~0. Used 0. 5 ml. of las solution. 
These data are plotted in Appendix III, p. 44. 
~ 
I 
Control 56.0 
~00 
X 
(1) 
(2) 
(3) 
(1615.7) X (5) 
14,994 X 100 
(355.2) X (5) X 100 
14,994 
(166. 7) X (5) 
14,994 
X 100 
X 21 
1 = 
59,976 units/ml. 
102 
= l4,994 units/0.25 ml. 102 
= 
53·9~ Recovery NaCl 
= 11.8% Recovery NaAc 
= 
5·~ Recovery Borate 
71.3~ Total Recovery 
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TABIE XI 
Folin Protein of Short Cellulose Column 
0. 0001 M Na.Cl 0.1 N NaAc-HAc .01 M Borate 
Tube No. '{.T mg. x 102 Tube No. %T mg. x 102 Tube No. '{.T mg. x 102 
1 88.0 1.2 11 94.0 0.2 21 94.0 0.2 
2 73.8 4.3 12 94.0 0.2 22 92.0 0.5 
3 49.0 11.6 13 79.0 3-2 23 62.0 2.6 
4 84.0 2.:l.. 14 87.0 1.5 24 88.0 1.3 
5 9Q.8 0.7 15 93.0 0.3 25 91.0 0.7 
6 92.0 0.5 16 93.0 0.3 26 91.2 0.7 
7 93.0 0.3 17 92.0 0.3 27 92.0 0.5 
8 95.0 0.0 18 94.0 0.2 28 91.0 0.7 
9 95.0 0.00 19 93.0 0.3 29 93.0 0.3 
10 95-0 0.00 20 94.0 0.2 30 94.0 0.2 
20.7 r.r r.r 
Control 36.0 17-7 (Stock solution diluted 0.1 ml. + 5.0 ml. ~o.) 
These data are plotted in Appendix IV, p. 45 . 
. 
:; 
I 
~ 
I 
(1) 
(2) 
(3) 
(4) 
17-7 
102 X 
(20.7) X (5) 
2.26 
(6.7) X (5) 
2.26 
(7.7) X (5) 
2.26 
5-1 
0.1 
X 
X 
X 
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X 0.25 = 2.26 mg. 
100 
= 
45.8'!> Recovery NaCl 
100 = 14.8% Recovery acetate 
100 
= 
17.0% Recovery borate 
) 
'CABU: XII 
Carbohyd.rate of Short Cellulose Column 
0. 0001 M NaCl 01 N NaAc-HAc 
Tube No. iT mg/ml. Tube No. ~T mg/ml. 
1 86.0 0.010 11 76.0 0.031 
2 18.7 0.775 12 75.2 0.032 
3 2.4 o.64o 13 58.0 0.028 
4 63.6 0.062 14 71.3 0.041 
5 71.7 0.041 15 74.3 0.034 
6 74.0 0.036 16 75.2 0.032 
7 75·5 0.031 17 76·7 0.029 
8 77·3 o.ozr 18 77·3 o.ozr 
9 78.4 0.025 19 78.1 0.024 
10 76.8 0.029 20 77.7 0.026 
1.176 0.354 
Control 8.5 0.420 
These data are plotted in Appendix V, p. 46. 
) 
0.01 M Borate 
Tube No. ~T mgjml. 
21 77.3 o.ozr 
22 77.0 0.028 
23 74.7 0.035 
24 84.0 0.013 
25 85.0 0.011 
26 84.2 0.013 
27 85.4 0.010 
28 84.5 0.012 
29 84.0 0.013 
30 85.0 0.011 
0.173 
i·J 
' 
I 
1'1) 
1'1) 
I 
Control 0.42 
(1) 
(2) 
(3) 
(5) X (1.176) 
5·35 
(5) X ~ ·354) 5. 5 
(5) X (.173) 
5·35 
X 
X 100 
X 100 
X 100 
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X 0.25 
= 5.35 mg. 
= 
100.5% Recovery NaCl 
: 23.7% Recovery NaAc 
= 
6.3% Recovery Borate 
Cellulose Column - Ten Drop Aliquot 
This cellulose column was eluted With 10 drop aliquots to see if 
there could be a finer resolution of the ex activity, protein and carbo-
hydrate. A short column was packed With 3 grams of cellulose powder in 
30 ml. water giving a column 11. 5 em. high and 9 llllll. in diameter. An 
enzyme colution of 0.3 ml. of 4o mg/ml. of enzyme was placed on the column. 
Aliquots of 10 drops were taken after eluting With 0.0001 M NaCl. Then 2 
drops were used for carbohydrate determination, one drop was used for Cx 
activity determinations. The rema.inder of the 10 drops was used for Folin 
protein determinations. The time required to collect 10 drops was 2 
minutes and 35 seconds. The total number of tubes containing 10 drops 
was 4o tubes. The data for the Cx activity, Folin protein, and carbo-
hydrate determinations are given in the following tables. 
The recovery of protein was: 
(1) 
(2) 13.2 : 13 . 46 mg/ml. 4.0 mg/0.3 ml. 
(3) ~ X 100 • 50i Recovery 
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TAmE XIII 
Cx Activity - Ten Drop Aliquot 
Tube No. !..! Units x 102Lm1. Tube No. Lt Units x 102 Lml. 
1 97-5 0.00 21 97-3 0.00 
2 97-7 0.00 22 97.0 0.00 
3 97-3 o.oo 23 97-1 0.00 
4 98.0 0.00 24 97-2 0.00 
5 97.6 o.oo 25 96.8 o.oo 
6 97-2 o.oo 26 96.8 o.oo 
7 97-0 0.00 27 97-2 o.oo 
8 97.0 0.00 28 96.8 o.oo 
9 97-3 o.oo 29 96.3 0.00 
10 86.6 4.0 30 97-3 o.oo 
11 62.2 28.0 31 97-0 o.oo 
12 57.8 36.0 32 98.0 o.oo 
13 61.7 28.0 33 97-3 0.00 
14 73-0 14.0 34 97-0 0.00 
15 85.2 5.0 35 97-0 0.00 
16 94.0 1.0 36 97-0 o.oo 
17 96.0 
-5 37 97-0 o.oo 
18 97-2 0.00 38 97-4 o.oo 
19 97-5 o.oo 39 98.2 o.oo 
20 98.0 0.00 4o 96.8 0.00 
Control 56.1 4o.o 
These data are plotted in Appendix VI, P• 47. 
Recovery calculations: 
(1) 
(2) 
(3) 
.4o X 5.1 X 21 
0.1 1 
1.16 X 2.045 
0.045 
52.7 X 100 
rnr-
= 
= 
• 428 units/ml. 
128 units/0.3 ml. 
52-7 units 
41~ Recovery of Cx activity 
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TABlE XIV 
Folin Protein - Ten Drop Ali~ot 
Tube No. !..! mg. X 102/mJ.. Tube No. !..! mg. X 102/mJ.. 
1 81.0 1.8 21 81.0 1.8o 
2 83.0 1.3 22 83.0 1.3 
3 83.0 1.3 23 86.0 0.8 
4 84.0 1.1 24 84.0 1.1 
5 88.0 0.3 25 86.0 0.8 
6 89.0 0.2 26 87.0 0.6 
7 91.0 0.0 'Z7 87.0 0.6 
8 90.0 0.1 28 88.0 0.3 
9 71.0 4.0 29 89.0 0.2 
10 37.0 15.6 30 90.2 0.1 
11 17.0 31.7 31 90.2 0.1 
12 17.6 30.9 32 90.0 0.1 
13 30.0 19.6 33 91.0 0.0 
14 49.0 10.3 34 91.2 0.0 
15 65.0 5·5 35 9Q.O 0.1 
16 70.0 4.2 36 90.0 0.1 
17 72.2 3.7 37 90.0 0.1 
18 79.0 2.2 38 91. 0.1 
19 81.2 1.7 39 92. 0.0 
20 84.0 1.1 4o 92. 0.0 
Control 41.5 13.2 
These data are plotted in Appendix VI, p. 47. 
.. 
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TABLE XV 
Carbohydr&te Determination - Ten Drgp Aliquot 
Tube No. u mg/ml. Tube No. u mg/ml. 
1 89.2 .003 21 84.0 .015 
2 92.0 .ooo 22 84.3 .015 
3 91.7 .ooo 23 86.0 .Oil 
4 92.2 .ooo 24 87.0 .oo8 
5 92.2 .000 25 86.8 .oo8 
6 92.2 .ooo 26 88.0 .006 
7 91.6 .ooo zr 88.5 .012 
8 91.3 .ooo 28 84.7 .013 
9 59·2 .o81 29 86.2 .Oil 
10 32.6 .195 30 86.0 .Oil 
il zr.o .230 31 86.0 .Oil 
12 37.0 .171 32 87.8 .006 
13 63.2 .070 33 86.8 .008 
14 74.8 .037 34 87.2 .007 
15 81.7 .020 35 87.7 .006 
16 83.0 .017 36 86.8 .008 
17 83.0 .017 37 87.5 .007 
18 82.3 .019 38 86.7 .008 
19 81.3 .021 39 87.3 .oo8 
20 83.2 .017 4o 87.0 .008 
Control 67.9 .054 
Recovery calculations: 
(1) . os4 X 5·1 X 1.0 • zr. 54 mg/ml . :or . 01 8.3 mg/0.3 ml . 
(2) .1085 X .450 • 5.4 mg/ml. 
• Q90 
(3) X 100 
= 65~ Recovery of Carbohydrate 
These data are plotted in Appendix VI, p. 47. 
,, 
Long cellulose column 
This experiment was perfonned to detennine what effect a column four 
times as long as the short column would have on the ex activity, protein 
and carbohydrate. A column was filled with a slurry of 11.5 grams of 
cellulose powder in' 24o ml. H20 under a slight vacuum. This prepared a 
column 52 em. high and 9 mrn. in diameter. The hold-up volume of this 
column was about 45 ml. Then the column was washed with 6ooo ml. of 
0.0001 M Na.Cl. Finally 0.3 ml. of 4o mg/ml. enzyme solution was placed 
on the column. The column was eluted with 0.0001 M Na.Cl and 20 aliquots 
of 2 ml. were taken. The eluates were analyzed for ex activity, protein 
and carbohydrate. 
All tubes showed negative ex activity. 
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TABlE XVI 
Folin Protein - Long Cellulose Column 
Tube No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
ll 
12 
13 
14 
15 
16 
17 
18 
19 
20 
Recovery Calculation: 
'!.:!.. 
89.0 
88.0 
89-7 
92-5 
93-2 
96.6 
88.0 
90.0 
71.0 
67.7 
61.5 
72-3 
78.8 
87.2 
9Q.O 
89.0 
88.0 
!39.6 
92.0 
93-3 
38.3 X 2.0 : 1.53 
0.5 
Dig X 102 
1.1 
1.2 
1.0 
1.2 
0.9 
4.8 
5.6 
7-2 
4.5 
3-0 
1.3 
0.9 
1.1 
0.2 
31r.3 
l. 53 X 100 : 38'1> 
""""lj:';Q Recovery 
These data are plotted in Appendix VII, p. 48. 
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TABlE XVII 
Carbohydrate - Long Cellulose Column 
Tube No. !..! mg x 102/ml. 
1 92.3 0.2 
2 93.2 0.1 
3 92.7 0.2 
4 92.2 0.2 
5 93.6 o.o 
6 92.8 0.2 
7 92·7 0.2 
8 84.0 1.7 
9 56. 8.4 
10 52.2 9.8 
11 61.2 6.9 
12 71.0 4.3 
13 79·7 2.4 
14 83.8 1.7 
15 85.0 1.4 
16 87.0 1.1 
17 87.7 1.0 
18 88.0 0.9 
19 88.3 0.8 
20 88.2 0.8 
These data are plotted in Appendix VII, P• 48. 
--:: 
Calcium phosphate column - dilute phosphate buffer 
The column was prepared by mixing 20 grams of Celite 545 with 53 ml. 
of calcium phosphate (0.04 gm/ml. dry weight) in 120 ml. ~o and packing 
this in a column under 5 lbs/sq. in. pressure. The column was 21 em. 
high and 23 mm. in diameter. This column was washed with 1000 ml. H2o 
and 1000 ml. of ~ NaCl. Finally, 2 ml. of 4o mg/ml. cellulase enzyme 
solution were placed in the column. The column was eluted with ~ NaCl 
and 15 tubes of 20 ml. aliquots were collected. Elution was continued 
with 0.002 M phosphate in 2!{. sodium chloride pH 7.3 and 35 tubes of 20 ml. 
aliquots were taken. Eluates were analyzed for Cx activity, protein and 
carbohydrate. 
The ex activities were run with 0.4 ml. aliquots for unknowns and 
standards. The filter used was No. 580. 
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TABLE XVIII 
Cx Activities - Dilute Phosphate Buffer 
Tube No. !..! Units/ml. Tube No. !..! UnitsLml· 
1 95.0 o.oo 26 23·4 0.68 
2 94.2 o.oo 27 27.0 o.6o 
3 9.0 1.28 28 25.0 0.62 
4 9.0 1.28 29 22.8 0.69 
5 51.0 0.32 30 13.8 0.98 
6 77.8 0.15 31 6.0 1.68 
7 8o.O 0.13 32 3·4 3.43 
8 74.8 0.17 33 3·4 3.43 
9 76.8 0.15 34 5·0 2.00 
10 8o.o 0.13 35 8.0 1.39 
ll 83.6 0.12 36 12.0 1.06 
12 86.8 o.o8 37 16.8 0.88 
13 89.8 0.07 38 21.0 0.72 
14 91.0 0.05 39 27·0 0.60 
15 92.0 o.o4 4o 35.0 0.48 
16 91.2 0.05 41 39·2 0.43 
17 92.6 0.03 42 43.0 0.39 
18 93.0 0.03 43 46.0 0.39 
19 91.2 0.05 44 55·2 0.29 
20 56.0 0.29 45 55·2 0.29 
21 11.0 1.13 46 6o.8 0.24 
22 10.8 1.13 47 66.0 0.22 
23 12.8 1.02 48 67.0 0.21 
24 . 14.8 0.92 49 66.0 0.21 
25 19.0 0.78 50 66.2 0.21 
These data are plotted:· in Appendix VIII, p. 49. 
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TABlE XIX 
Folin Protein - Dilute Phosphate Buffer 
Tube No. o.n. mg/ml. Tube No. o.n. ms_iml. 
1 .010 .007 26 .010 .007 
2 .oo8 .006 27 .010 .007 
3 .209 .148 28 
·009 .006 
4 .430 .304 29 .010 .007 
5 .103 .073 30 .017 .012 
6 
.053 .037 31 .020 .014 
7 .032 .023 32 .021 .015 
8 
.030 .021 33 .016 .Oll 
9 .026 .018 34 .012 .oo8 
10 
.020 .014 35 .009 .oo6 
ll 
.019 .013 36 .009 .006 
12 
.Oll .oo8 37 .007 .005 
13 .010 .007 38 .oo6 .oo4 
14 
.009 .oo6 39 .004 .003 
15 .009 .006 4o .004 .003 
16 
.Oll .oo8 41 .003 .002 
17 .oo8 .006 42 .004 .003 
18 
.005 .004 43 .002 .001 
19 .006 .004 44 .003 .002 
20 .020 .014 45 .003 .002 
21 
.029 .020 46 .004 .003 
22 
.017 . ;Ql2 47 .003 .002 
23 .015 .Oll 48 .002 .001 
24 .014 .010 49 . 003 .002 . 
25 .Oll .008 50 .003 .002 
These data are plotted in Appendix VIII, P· 49. 
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TABLE XX 
Carbohydrate - Dilute PhosEhate Buffer 
"" Tube No. !.! mg x 102/ml. Tube No • u mg x 102/ml. 
1 87.0 . 6 26 78.0 2.1 
2 84.0 1.0 27 79.0 2.0 
3 9Q.O 0.00 28 81.0 1.6 
4 29.0 17.8 29 82.0 1.4 
5 15.0 30.6 30 84.0 1.0 
6 61.0 5·9 31 82.0 1.4 
7 73.0 3.0 32 81.0 1.6 
8 78.0 2.1 33 80.0 1.8 
9 79.0 2.0 34 76.0 2.5 
10 81.0 1.6 35 73.0 3.0 
11 81.0 1.6 36 73.0 3.0 
12 82.0 1.4 37 74.0 2.8 
13 84.0 1.0 38 76.0 2.5 
14 84.0 1.0 39 79.0 2.0 
15 86.0 0.8 4o 74.0 2.8 
16 84.0 1.0 41 78.4 2.0 
iA 85.0 0.9 42 8o.O 1.8 86.0 0.8 43 83.0 1.2 
19 87.0 0.6 44 85.0 0.9 
20 8o.o 1.8 45 86.0 0.8 
21 71.0 3·5 46 85.0 0.9 
22 72.0 3·3 47 85.0 0.9 
23 74.0 2.8 48 85.0 0.9 
24 76.0 2.5 49 84.0 1.0 
25 76.0 2.5 50 86.0 0.8 
These data are plotted in Appendix VIII, P· 49. 
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Calcium phosphate column - full phosphate range 
This experiment was performed to determine the effect of water, 2$ 
Na.Cl and 3 different concentrations of P04 buffer on the eluting of the 
enzyme cellulase. The column was prepared by making a slurry of 58 ml. 
of calcium phosphate (.034 grams/ml. dry weight) with 20 grams of Celite 
545 in 100 ml. H20 and packing the slurry in a column with 5 lbs/sq. in. 
The column was 21 em. high and 23 mm. in diameter. The column was washed 
with 200 ml. ¥. Finally, 2 ml. of 4o mg/ml. of enzyme cellulase was 
placed on the column. Successively the column was eluted with If:20 
collecting 10 tubes of 20 ml. aliquots; 2$ Na.Cl, 10 tubes; 0.002 M phos-
phate in '2!fo Na.Cl, 10 tubes; 0.01 M phosphate in 2$ Na.Cl, 10 tubes; and 
then with 0 .1 M phosphate in 2$ Na.Cl, 10 tubes . The eluates were 
analyzed for Cx activity and protein. 
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TABLE XXI 
Cx Activity - Full Phosphate Range 
Tube No. o.n. cxLmJ.. Tube No. o.n. cxLmJ.. 
1 0.19 0.00 26 2.70 1.28 
2 0.17 o.oo 27 1.95 0.96 
3 0.22 0.00 28 2.03 1.00 
4 4.70 2.00 29 2.01 1.00 
5 0.68 0.45 30 1.94 0.96 
6 0.30 0.25 31 1.84 0.88 
7 0.25 0.20 32 1.82 0.88 
8 0.24 0.20 33 1.67 0.84 
9 0.23 0.20 34 12.00 7.20 
10 0.22 0.20 35 8.6o 3.88 
11 0.22 0.20 36 
12 0.23 0.20 37 2.30 1.18 
13 0.21 0.20 38 1.87 0.92 
14 0.13 0.80 39 1.57 o.Bo 
15 6.00 2.6o qo 1.20 o.6o 
16 5·75 2.50 41 0.75 0.44 
17 4.28 1.85 42 0.89 0.48 
18 2.57 1.20 43 1.06 0.56 
19 1.52 o.Bo 44 9.20 6.8o 
20 0.90 0.55 45 2.89 1.28 
21 0.77 0.50 46 0.57 0.32 
22 0.57 o.l!o 47 0.46 0.24 
23 0.35 0.25 48 0.42 0.22 
24 0.52 0.28 49 0.27 0.12 
25 5.10 2.16 50 0.35 0.20 
These data are plotted in Appendix IX, p. 50. 
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TABlE XXII 
Folin Protein - Full Phosphate Range 
Tube No. o.n. mg/ml. Tube No. o.n . mg/ml. 
1 . 026 .018 26 .017 .012 
2 .017 .012 27 .022 .016 
3 .018 .013 28 .017 .012 
4 1.120 ·791 29 .015 .011 
5 .145 .102 30 .016 .011 
6 .025 .018 31 .019 .013 
7 .014 .010 32 .013 .009 
8 .012 .008 33 .011 .008 
9 .008 .006 34 .062 .044 
10 .007 .005 35 .042 .030 
11 .024 .017 36 .017 .012 
12 .on .oo8 37 .017 .012 
13 .010 .007 38 .020 .014 
14 .058 .041 39 .015 .on 
15 .059 .042 4o .014 .010 
16 .057 .o4o 41 .016 .011 
17 .030 .021 42 .on .oo8 
18 .008 .006 43 .012 .008 
19 .018 .013 44 
·375 .265 
20 .009 .006 45 .076 .054 
21 .024 .017 46 .030 .021 
22 .014 .010 47 .030 .021 
23 .010 .007 48 .023 .016 
24 .009 .006 49 .017 .012 
25 .021 .015 50 .014 .010 
These data are plotted in Appendix IX, p. 50. 
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DISCUSSION 
The use of untreated cellulose as an adsorbent was done on the 
premise that cellulase would be adsorbed while the cOJataminants such 
as protein and carbohydrate would be removed. The preliminary test tube 
adsorption runs showed that with acetate buffer at pH 5, 30% of the 
activity was adsorbed. This result agreed canpletely with the result 
of Reese in that matter. The next important finding was that at a very 
low salt concentration, the activity was adsorbed up to 5&f,. This pro-
moted the use of low salt concentration solutions in the cellulose 
columm experiments. 
In the shorter colWDll.s containiag 3 grams of cellulose, the three 
different successive eluants, namely, dilute NaCl, acetate buffer, and 
borate buffer provided three different activity peaks. Most of the 
activity was eluted with the 0.0001 M NaCl. The recovery of the protein 
and activity with the NaCl eluate was 50'1>. The total recovery was 75%. 
The peak in the NaCl eluate was the campoaent the least adsorbable on the 
cellulose. The experiment was rua usiRg very small aliquots to show if 
there was any resolutioa in the NaCl eluate. The results showed that 
the peaks of the Cx activity, protei:a aad carbohydrate did occur in dif-
ferent eluates. Ia order to obtain better resolution of the less adsorb-
able compoaent, loager colUDllls were used. The results obtained showed, 
however, that with a loager column, this less adsorbable component was 
adsorbed irreversibly. The protein and carbohydrate were eluted but aot 
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the activity. All attempts to secure an eluting solution that would get 
the activity off the long cellulose columns failed. These experiments 
showed that cellulose would rid the cellulase of its contaminants, but 
the activity was held too firmly to the cellulose. The cellulose long 
columns failed fran a practical standpoint. In the short cellulose 
column, the activity peaks appear because the column is not long enough 
for it to be adsorbed. In the long columns, this canponent has farther 
to go and it is irreversibly adsorbed. This explains the reason why no 
ex activity can be found in the eluates of the long column. 
The calcium phosphate columns gave better results, and confirmed the 
previous work of Reese with regard to the presence of multiple components. 
Also, the different activity peaks apart from the first one showed very 
little protein and carbohydrate. Most of the protein and carbohydrate 
was eluted in the first activity peak. This fact acccmplished, at least 
to a large degree, our purpose of separating the enz;yme activity fran 
the protein and carbohydrate. The calcium phosphate columns eluted with 
'<?$ sodium chloride and 0.0002 M phosphate in '<?$ sodium chloride showed 
three different activity peaks. The calcium phosphate columns eluted 
with water, '<?$ sodium chloride and phosphate concentrations from 0.0002 M 
to 0.5 M phosphate, showed five different activity peaks. The largest 
proportion of protein appeared in the water eluates. 
ABSTRACT 
This thesis attempted to give further evidence to the multiple com-
ponent theory of the enz;yme cellulase as well as presenting methods of 
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purifying the enzyme. Cellulase was prepared in this laboratory fran 
Myrothecium verracaria. Batch adsorption experiments using cellulose 
as adsorbent showed that 30% of the activity and protein could be ad-
sorbed at pH 5 with acetate buffer. A very dilute salt concentration as 
0.0001 M NaCl allowed 58% adsorption of activity in the batch adsorption 
experiments with cellulose. The long cellulose chrcmatographic column 
adsorbed irreversibly 100% of the activity allowing the protein and 
carbohydrate to be eluted. The column of cellulose must be permitted 
more sites for the enzyme to adsorb to than just placing the enzyme in 
the cellulose and mixing. 
The short cellulose columns showed the presence of a readily adsorbed 
component as well as a less readily adsorbed component. 
' 
The long cellulose column adsorbed all the activity, but allowed 
protein and carbohydrate through the column. No eluting solution was 
found that could remove the activity off the long cellulose column. 
The calcium phosphate columns which were prepared from a simple mix-
ture showed the presence of five different activity peaks. The elution 
with water and then with 2$ NaCl gave two distinct activity peaks. The 
range of 1'04 buffers in 2$ NaCl, 0.002 M 1'04, 0.01 M 1'04 Snd 0.1 M)P04 
gave the last three distinct activity peaks. Negligible amounts of 
protein appeared in the last four activity peaks while the greatest part 
of the protein was eluted in the water eluate. The calcium phosphate 
column did remove protein from the activity. The five distinct activity 
peaks are an indication of the multiple components of the enzyme cellulase. 
-l!o-
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